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Figure 50. Secondary porosity features in sandstone 
from the Nanushuk Group. A, Apparent partial dissolu­
tion of a rounded polycrystalline quartz grain creates 
secondary porosity in a highly compacted sandstone. 
Sample 78ACh72, Kurupa anticline; magnification, 
6.3X10, photomicrograph. B, Abundant partial dissolu­
tion of grains results in elongate and oversize pores and 
floating grains. Sample 78ACh72, Kurupa anticline; mag­
nification, 6.3X10, photomicrograph. C, Embayed grains 
give secondary pores rounded borders. Pores are over­
size and may have resulted from complete dissolution 
of a framework grain or from dissolution of cement that 
replaced a framework grain. Sample 78ACh79, Kurupa 
anticline; magnification, 2.Sx10, photomicrograph. 

sured sections, on the average, and most of this is in 
lenticular bodies containing extensive shale interbeds. 
Many sandstones are shaly or muddy because of mixing 
by burrowing organisms. The sandstones, classified as 
phyllarenites or litharenites, are mostly fine to medium 
grained and are moderately to well sorted. Porosity has 
been destroyed by compaction and cementation, and per­
meability values are expected to be correspondingly low. 
Where visible porosity is present, it is localized and oc­
curs probably as a result of depositional environment of 
the sandstones, which influences the grain size, or of post­
depositional processes, which create secondary porosity. 



Figure 51. Possible presence of hydrocarbons(?) in 
Nanushuk Group rocks. Migration apparently occurred 
during or after compaction of the sandstones. A, Possi­
ble hydrocarbon(?) migration is facilitated along solution 
seams probably formed during compaction. Sample 
78ACh34, Marmot syncline; magnification, 2.5X10, 
photomicrograph. 8, Possible hydrocarbon(?) migration 

into intergranular pore spaces and into a grain cracked 
by compaction. Dissolution pore (P) unfilled by hydro­
carbon indicates that migration may have occurred prior 
to creation of dissolution porosity. Sample 78ACh25, 
Marmot syncline; magnification, 2.5X10, photomicro­
graph . 
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An Analysis of the Umiat Delta Using Palynologic 
and Other Data, North Slope, Alaska 

By Fred E. May1 and John D. Shane2 

INTRODUCTION 

Fieldwork on the northern Alaska Nanushuk Group 
(Albian-Cenomanian) in the eastern National Petroleum 
Reserve in Alaska (NPRA) yielded sedimentological evi­
dence of a northward prograding delta herein referred to 
as the Umiat delta (fig. 52). This delta is different from 
the northeastward prograding Corwin delta, which is gen­
erally considered to be the result of most of the Albian­
Cenomanian deposition in the NPRA (Ahlbrandt and 
others, I 979). Evidence of the Umiat delta was observed 
in many detailed measured sections of the Nanushuk, and 
consists of paleotransport-direction measurements and sed­
imentary structures. Sand-percentage contours and sand­
isopach maps plotted from data from wells within the area 
(Bird and Andrews, I 979; Huffman and others, this vol­
ume) show the general shape of the delta. 

Because palyniferous assemblages occur in wells 
within the area of the proposed Umiat delta, this study 
was undertaken to determine the geologic history of the 
Umiat delta using palynology. These wells are within the 
boundaries of the western part of the delta. Although the 
eastern boundary of the delta is in the area of the Marmot 
syncline, no wells have been drilled there. Outcrop sam­
ples in this eastern area, between the Grandstand- I well 
and the Marmot syncline, yielded poor pollen, spore, and 
dinoflagellate-acritarch assemblages and are not reported 
here. 

Palynological counts were made on I 64 core sam­
ples from the Nanushuk Group from 10 test wells on the 
North Slope of Alaska. Pollen groups counted were gym­
nosperms, spores, angiosperms, dinoflagellates, and ac­
ritarchs; approximately 25,000 grains were counted. These 
count data are presented here as composite relative-fre­
quency graphs, and a preliminary paleoecological interpre­
tation is made for each well. 

Also evaluated were the general characteristics of 
the relative abundances of pollen groups in each well and 
the coal occurrence. This report illustrates and discusses 
the data, but the meaning of the data is left to the reader 
to interpret. Some of the data may yield direct 

1Presently with Idaho State University, Pocatello. 
2 Presently with Exxon Co., U.S.A., Houston, Tex. 

paleoecological information, whereas other data may yield 
information about the hydrodynamics of the delta and as­
sociated marine systems responsible for the deposition of 
the sediments. 

Some conclusions are presented as preliminary 
hypotheses. For example, the paleoecological interpreta­
tions are based on the assumption that most of the pollen 
and spores observed originated from near the well site. 
This assumption is probably more accurate for the spores 
and angiosperm and nonconiferous gymnosperm pollen 
than for the conifer, dinoflagellate, and acritarch pollen, 
but until detailed work is completed on the distribution 
of individual taxa, we treated all major groups counted 
as having been deposited near their localities of origin. 
There is reason to assume that nearby deposition was pos­
sible, and this possibility is discussed. 

Field localities for invertebrate megafossils reported 
by Imlay ( 1961) are noted to show what types of mollusks 
and other animals have been found at particular points 
within the Umiat delta. These data help to determine the 
range of paleoenvironments for the formations at certain 
localities within the delta. Paleobotanical data (Smiley, 
I 967, Lowther, 1957) has aided in suggesting the type 
of climate during the time of deposition. 

STUDY AREA 

The proposed Umiat delta is in an area between 
lat 68°50' and 69°50' N. and long 156°00' and I5l 0 20' 
W. on the North Slope (fig. 52). In general, the area 
lies in the southeast corner of the NPRA, and also slightly 
south and east of it. It is called the "Umiat delta" because 
one of its proposed main central lobes moved over the 
Umiat area. Palynological count data were gathered from 
the following wells: Grandstand-I; Umiat-1 and -1 I; 
Square Lake-I; Wolf Creek-2and-3; Titaluk-I; Knife­
blade-I; Oumalik-I; and East Oumalik-I. Some observa­
tions are used from Gubik-I and -2, and Umiat-2. 

GEOLOGIC UNITS 

The Nanushuk Group in this area was deposited by 
the prograding Umiat delta. Formations in the Nanushuk 
are the Grandstand and Tuktu Formations (delta-front de-
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Figure 52. Index map showing the general Umiat delta area (Huffman and others, this volume) and test-well 
locations, North Slope, Alaska. 

posits of middle to late Albian age), the Killik Tongue 
of the Chandler Formation (delta deposits of probable late 
Albian to early Cenomanian age), and the Ninuluk Forma­
tion (mixed delta and marginal-marine facies deposited as 
a result of the Seabee marine transgression into the Umiat 
delta; this unit is early Cenomanian in age). 

All formational units referred to in this report are 
based on the work of Collins (1958, 1959) and Robinson 
(1956, 1958, 1959) of the U.S. Geological Survey. 

METHODS 

All samples were processed by standard palynologi­
cal maceration procedures; samples were not sieved. 
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Palynomorphs were mounted in AYAF1 plastic mounting 
medium on microscope slides. Palynomorphs were 
examined with Nomarski interference contrast. Counts 
were made on representative samples from each core; 
counts of as many as 200 specimens (angiosperms, gym­
nosperms, spores, and dinoflagellates-acritarchs) were 
made on each sample, depending upon the quality and 
quantity of grains present on a slide. Relative frequencies 
of these palynomorph groups were calculated and plotted 
as composite relative-frequency diagrams for purposes of 
comparing the fossil groups. 

Dominant fem-spore frequencies are considered to 

1Use of trade names does not imply endorsement by the U.S. Geologi­
cal Survey. 



represent wetter parts of the delta; dominant gymnosperm 
pollen (primarily bisaccates) are considered to represent 
drier or better drained parts of the delta; dinoflagellate 
and acritarch frequencies are considered to represent 
marine areas, or encroaching marine areas that were likely 
often brackish. 

Coal is considered to represent periods of subaerial 
deposition or exposure. Leaf impressions and carbona­
ceous material in the strata are generally considered to 
represent subaqueous deposition within the delta or near 
the delta front. The presence of marine dinoflagellates and 
various marine megafossils indicates intervals of marine 
deposition. The presence of brackish-water dinoflagellates 
indicates intervals of brackish-water deposition. 

PHYSIOGRAPHY AND PLANT ECOLOGY OF 
MODERN DELTAS IN WARM, HUMID 
CLIMATES 

Although the specific kinds of vegetation growing 
on modem deltas are different from those of the Albian­
Cenomanian, it is still reasonable to expect that the phys­
ical environments in the deltas have remained much the 
same. It also seems possible that these physical environ­
ments supported vegetation that was structurally similar 
to vegetation that grows in similar environments today. 

Modem deltaic environments can be grouped under 
the following headings (from Fosberg, 1964): 
1. Water 

a. Distributaries.-Main branches through which 
the river empties into the sea. These tend to be 
the larger channels in the delta, and are arranged 
fanwise, forking and spreading out, and often 
becoming very wide in their lower reaches. 

b. Delta channels and tidal channels.-Channels 
that originate within the delta itself, draining the 
lakes, ponds, swamps, and marshlands. They 
tend to be closely meandering and intricately 
branched. This pattern is striking, very uniform, 
and immediately recognizable from the air. The 
origin of the pattern is not clear, though it is 
undoubtedly related to the near lack of any slope 
and consequent low cutting or scouring power 
of the tidal currents. The water escaping through 
the delta and tidal channels is primarily from rain 
floods and that which entered at high tides. 

c. Lakes and ponds.-Bodies of still water ranging 
from extensive basins to small ponds and pools. 
Some have outlets; others do not. All have a 
tendency to fill with sediment and plant remains 
and to change gradually to marshes or swamps. 

(1) Interconnecting basins.-These origi­
nate as areas of shallow sea cut off by 
sediments deposited, as the delta builds 

2. Wetlands 

outward, as natural levees, sand bars, 
and ridges. At first they may be practi­
cally open to the sea, merely deeper 
areas in the shallow water over the ex­
tensive silt deposits of the extending 
delta. 

(2) Levee flank depressions.-The sedi­
ments that make up deltas normally con­
tain a large component of water and 
much organic matter. Organic matter 
may be especially abundant in the 
swampy strips along the outer slopes of 
natural levees. During periods of low 
water, both decomposition of organic 
matter and loss of water from the sedi­
ments by evaporation and gravity flow 
take place at greater than normal rates. 
Compaction and settling, both from the 
above processes and from slow but con­
tinuous action of gravity, tend to pro­
duce long narrow ponds alined along the 
outer edges of the natural levees. 

(3) Abandoned channels or oxbow 
lakes.-As channels, especially dis­
tributaries, fill up with silt, they tend to 
cut through their enclosing natural levees 
and assume new courses, especially 
when floods occur. This commonly 
takes place on the seaward side of a sea­
ward loop of a meander, and the new 
channel, being straighter at first, takes 
most of the water. The old channel is 
soon cut off by newly formed natural 
levees and is left as a lake, often a C­
shaped lake called an oxbow. 

a. As lakes, ponds, and channels fill with silt and 
organic debris, they gradually change from areas 
of permanent standing water to land that, al­
though still wet, is firm enough to support emer­
gent vegetation. In the tropics the vegetation of 
such land tends to be woody, trees or shrubs, 
and the ecosystem is called a swamp. Marshes 
and wet savannahs are, however, not completely 
lacking in woody plants. There trees become 
dominant in wet sandy areas, peat accumulates, 
and a peat swamp results. Wet savannahs and 
peat swamps are generally well away from the 
strongly salty end of the salinity gradient, toward 
the head of the delta. They are also confined 
to areas where the water supply is principally 
rain and ground-water seepage rather than 
floods. 

3. Drylands 
a. Delta terraces.--On many deltas, there are ero-
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sional remnants of former delta land surfaces that 
formed during times of higher sea-level stands. 
They are flat or very gently sloping platforms, 
found near the head of or the landward margins 
of the present-day deltas. They are normally 
drier than the rest of the delta. The soil is older 
and more weathered, often severely leached if 
the delta is in a rainy region. In very humid re­
gions the vegetation may be the normal lowland 
rain forest of the region. 

b. Natural levees.-In the distributaries, the water 
in the center of the channel flows faster than 
at its sides. Consequently, more sediment is 
dropped at the sides than in the center, and the 
bottom tends to build up along the sides while 
the center is kept scoured clean, and even 
deepens. As the incipient natural levees thus 
formed are left dry during low water in the dry 
season, the propagules of mangroves and other 
plants gain a foothold. At high water the result­
ing vegetation, though small and sparse, slows 
the water still more and causes the deposition 
of more silt, building up the levee. Further silt 
deposition takes place during each flood season, 
and further establishment of vegetation occurs 
during each dry season. As the level of the strip 
of land becomes higher, flooding may become 
less frequent. The composition of the vegetation 
changes as dryland conditions become more 
prevalent. Swamp species give way to terrestrial 
plants. A riparian forest is formed, made up of 
trees well adapted to land having a rather high 
permanent water table. 

c. Sand ridges and flats.-Along the seaward mar­
gins of deltas, beaches are formed in proportion 
to the roughness of the sea, and sand is piled 
up in ridges. Offshore bars may form and move 
shoreward under normal storm-wave action until 
they are piled against the beach ridges, forming 
a broader ridge or a parallel series of ridges. 
Eventually, narrow sand flats are formed, paral­
lel with the shore. These ridges and flats tend 
to invade and cover marshes or swamps or to 
protect them in some measure from wave ero­
sion, or both. The sand is soon covered by a 
considerable assortment of beach plants: grasses 
with deep rhizomes and roots, various creepers 
that root at the nodes and form mats anchored 
to the sand, and firmly rooted herbs and shrubs 
that tend to form a low shrub vegetation, often 
dense. Trees in the Old World, especially 
Casuarina equisetifolia, tend to grow on these 
ridges, usually starting while there is still bare 
sand and only grass; although slow growing, 
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they gradually overtop the scrub and form a 
characteristic strand forest. 

A COMPARISON OF TEMPERATE AND 
TROPICAL DELTAS 

Because the Umiat delta appears to have formed 
under humid, warm-temperate to subtropical conditions, 
indicated by the palynoflora (see the section on 
"Paleoecology"), comparison of temperate and tropical 
deltas is of interest. Two main differences between tem­
perate and tropical deltas are that tropical deltas are 
flooded to greater depths than are temperate ones, and 
tropical deltas tend to have woodier vegetation. These two 
factors seem to go together, as deep flood waters likely 
reduce photosynthesis for smaller herbaceous vegetation, 
whereas taller woody vegetation would grow better in 
such conditions. Woody vegetation also creates peat bogs, 
which are characteristic of tropical deltas. Temperate de­
ltas have fewer peat bogs; they seem to be replaced by 
freshwater marshlands (Fosberg, 1964, p. 229). 

PALEOECOLOGY 

Paleobotanical information was interpreted by 
Smiley (1967, p. 853) as indicating that the climate of 
northern Alaska during Albian-Cenomanian time was 
warm and humid, and that similar vegetation today grows 
south of lat 30° N. During the present palynological study, 
as many as 65 genera of fem and other spores have been 
observed, suggesting a diverse fem-lycopod-bryophyte 
flora within the wetter parts of the Umiat delta. The ap­
proximately 10 genera of bisaccate gymnosperm pollen 
are interpreted as having originated partly from within bet­
ter drained parts of the delta. Angiosperm pollen make 
up a minor component of the overall palynoflora. Thus, 
the vegetation consisted mainly of fems, lycopods, some 
bryophytes, and a variety of gymnosperms existing within 
an actively building delta system in a warm, humid envi­
ronment. No doubt much of the gymnosperm flora existed 
in the uplands. 

Coastal waters are thought to have been temperate, 
not warm, due to the presence of pectens and abundant 
burrowing pelecypods. Pelecypods that lived in and near 
the Umiat delta are ones common to shallow Albian Age 
seas of northwest Europe (Imlay, 1961, p. 16-17; Nicol, 
1955, p. 122). 

The relatively small amount of coal formed within 
the Umiat delta, as compared to the large amount formed 
within the Corwin delta, is likely related to higher energy 
within the shifting Umiat fluvial system and to biogenic 
degradation of organic material. Relative frequencies de-



termined in this study for spores, gymnosperms, angio­
sperms, and dinoflagellates and acritarchs for 10 test wells 
within the confines of the Umiat delta area suggest that 
adjacent areas of vegetation were nearly always undergo­
ing change. This change is reflected in the alternation of 
dominance and the widely fluctuating frequencies. Al­
though dinoflagellate and acritarch percentages are gener­
ally lower than those of gymnosperms and spores, rapid 
increases in percentages of dinoflagellates and acritarchs 
suggest frequent marine inundation of large areas within 
the delta, and such inundations too would be detrimental 
to coal formation, both in the cleaning out of peat deposits 
as well as increasing the salinity in large areas of freshwa­
ter that supported coal-producing vegetation. The wide­
spread presence of dinoflagellates and acritarchs in sam­
ples examined from these 10 wells suggests that the delta 
was deposited primarily at sea level. Mollusks collected 
within the Umiat delta (discussed later) also indicate a 
wide range of environments, from freshwater to inner 
shelf. 

The lush vegetation suggested by the diverse pollen 
and spore assemblages in the N anushuk Group is difficult 
to reconcile with a long Arctic night during Albian­
Cenomanian time. Today, the Arctic winter months are 
dark due to the 23 1/2° angle of inclination of the Earth's 
rotational axis. Other than small wobbles through time, 
the Earth's rotational axis has been considered to have 
remained essentially in its present orientation. Because of 
this, continental plate movements, based on paleopole es­
timates, have provided one of the main tools for continen­
tal-drift and sea-floor-spreading reconstructions. The 
highly diverse vegetation found in the Arctic Albian­
Cenomanian strata suggests a warm, humid climate some­
what similar to present-day climates at lower latitudes. 
It is difficult to visualize such a climatic setting with a 
long Arctic night. 

If the long Arctic night did not exist during Albian­
Cenomanian time, then only a few explanations are possi­
ble. Either the angular inclination of the Earth's axis has 
changed considerably, or the Arctic-Alaskan plate has 
been much more south due to continental drift. 

The present understanding of plate tectonics 
suggests that North America has rotated counter-clockwise 
to its present position. During Albian-Cenomanian time, 
Alaska appears to have been north of its present position 
(Irving, 1979, p. 684), suggesting that such an Arctic 
night would have been even more of a factor than today. 
Thus, continental drift does not appear to explain the rich 
and diverse flora in this time and location. 

The other explanation of why there was such a di­
verse flora in the Arctic during Albian-Cenomanian time 
is a change in the inclination of the Earth's rotational 
axis relative to the plane of the ecliptic. Wolfe (1978, 
p. 701-702) provided an interesting discussion of this 

idea, using paleobotanical evidence. His studies of Ter­
tiary Arctic vegetation suggest that the Earth's axis in­
clined from about 10° during the Paleocene to about 5° 
during the middle Eocene, thus nearly negating the Arctic 
night. Although the lower to middle Cretaceous floras of 
the same region are more difficult to equate with modem 
ones than were these reported by Wolfe from the Tertiary, 
a change in axis inclination could still have occurred dur­
ing the Cretaceous. No new evidence is furnished here, 
but the high numbers of fem, bryophyte, and lycopod 
spore taxa, some 65 genera, combined with cycad pollen 
suggest a flora that would not have survived the yearly 
dark period. 

Another possibility suspected by Smiley (1967, p. 
861) is that the Albian-Cenomanian forests of the Arctic 
had adapted to extended periods of darkness and had sur­
vived in spite of it. Smiley's argument revolves around 
deciduous plants, and he suggests that this kind of vegeta­
tion would have been dormant during the prolonged 
winter darkness and have not needed daylight. Therefore, 
Smiley thought that no change in axial inclination was 
necessary. He pointed out some possibilities that could 
have helped cause warmer climates in the Arctic, such 
as periods of extreme volcanism. He also mentioned the 
possibility of changes in extraterrestrial influences on the 
Earth. Such factors have been reported by Gribbin (1979), 
who discussed climatic change in terms of fluctuations 
in solar radiation, solar flares, cosmic seasons, the effect 
of passing through the spiral arms of the galaxy or through 
galactic dust lanes, and variations in eccentricity of the 
Earth's orbit. 

It seems reasonable that Alaska was either farther 
south during Albian time, or that the Earth's axial inclina­
tion was different, or else that a combination of both fac­
tors reduced considerably the effect of the prolonged Arc­
tic darkness. 

Paleofloral Components 

Delta-Front Colonizers 

One consideration in the development of deltaic 
vegetation is whatkind of vegetation constitutes the delta­
front colonizers. Typically, in temperate deltas, herba­
ceous forms colonize new areas, but in tropical areas sev­
eral species of trees, called mangroves, grow in newly 
built areas due to their viviparous dispersal mechanism 
and their ability to trap sediment and withstand high 
salinities. Mangrove species today are angiosperms, a 
group of plants that did not appear in the fossil record 
until Albian time, but it appears unlikely that angiosperm 
mangroves existed then. The earliest angiosperms on the 
North Slope, such as the few primitive forms in the Umiat 
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delta, were most likely small herbaceous forms that oc­
cupied disturbed areas within the delta. Perhaps, though, 
nonangiospermous Albian mangroves did exist, and may 
be identified through palynological and paleobotanical 
work in ancient deltas. These might be trees that could 
tolerate the high salinity, fluctuating depth from tides, and 
rather high energy that exists in the area where the delta 
meets the sea. (We have no idea what Arctic tidal and 
wave energies would have been. Today, wave energies 
are low due to ice cover). Angiosperms probably did not 
form the colonizing vegetation, as they appear to have 
been a new and minor component during the Albian-early 
Cenomanian in the Arctic areas. The colonizers probably 
would have been gymnosperms (conifers), lycopods, or 
ferns. If they were trees, they could be called mangroves. 
If they were herbaceous, then the seaward margin of the 
delta would likely have appeared similar to some modem 
temperate deltas, lacking mangroves. It is noteworthy that 
robust and complex root systems that characterize man­
groves have not been reported among the fossil plant re­
mains of the Albian of the North Slope. This lack of 
record would be unusual, because if mangroves had been 
present they would likely have formed substantial root 
mats with aerial structures acting as silt catchers. 

Any fossil mangrove roots should have been buried 
in fine-grained sediment that would have allowed preser­
vation. A considerable amount of paleobotanical work has 
been done on the North Slope deposits of Albian-early 
Cenomanian age, and many well cores and measured sec­
tions have been examined with no apparent observation 
of such root systems. It seems likely then that such man­
grove root systems were not present, and that the most 
probable delta-front colonizer was not like present man­
groves, at least in its root systems. It seems at present 
that the most likely colonizers would have been euryhaline 
herbaceous plants. These could have been gymnosperms, 
lycopods, or ferns. The gymnosperm pollen observed is 
primarily coniferous. It is difficult to imagine conifers as 
mangroves or as euryhaline colonizers. Except for Cy­
press, conifers are not known to inhabit modem 
euryhaline environments. Lycopod spores are not nearly 
as diverse as the fems. Therefore, the most likely delta­
front colonizers appear to be fems. 

Although few modem fems favor aquatic, brackish 
environments, one genus, Acrostichum, does favor terres­
trial brackish-marsh conditions (Copeland, 1947, p. 64). 
In Lake Maracaibo, Venezuela, Acrostichum grows in a 
swampy delta-front region of brackish water in areas of 
dense vegetation that are difficult to walk through 
(Tschudy, 1969, p. 81; Tschudy, oral commun., 1979). 
Similar fem overgrowths could have been successful col­
onizers in the Albian-Cenomanian Umiat delta because 
tide ranges were likely low, as they are today, and there 
would have been little destruction at the delta front. For 
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example, a spring tide, measured 130 km northwest of 
Point Barrow in 1962, was only about 18 cm. In the 
Chukchi Sea, sea level has been noted to change by only 
about 1 m in 1 week, and in general, tide range in the 
Chukchi Sea is about 20 cm (Coachman and Aagard, 
1974, p. 31), due to local wind and (or) atmospheric pres­
sure fields. In such conditions, herbaceous colonizers 
would have had little difficulty in becoming established. 
The main tolerance they would have had to develop was 
to higher salinities, and, therefore, such fem types as the 
modem Acrostichum would be very likely to have been 
colonizers in the Umiat delta. 

Mixed Swamp-Forest Vegetation 

Behind the delta-front colonizers, we postulate a 
mixed swamp-forest vegetation occupying primarily the 
wetlands and water areas described previously. Leveed 
distributaries and delta channels likely meandered through 
these areas. Because these areas probably contributed 
most of the spores and pollen counted in this study, domi­
nances of particular groups, such as fem spores, probably 
represent these areas. It is suggested that as fem, lycopod, 
and bryophyte spore trends increased to dominance in the 
count data for a particular well, that areas near the well 
site were becoming wetter, suggesting development of 
these water and wetland areas. Suspected taxodiaceous 
pollen observed in the wells possibly represent the conifer 
vegetation within such areas. Elatides, a suspected 
taxodiaceous plant megafossil (Lowther, 1957, p. 16), has 
been identified from Oumalik-1 well (Robinson, 1956, 
p. 27). The rare angiosperm pollen observed likely repre­
sent the newly appearing angiosperms as they occupied 
disturbed areas, such as along cuts in river banks, 
breached levees, or other areas affected by crevasse 
splays. Otherwise, most of the representative 
palynomorphs probably come from the highly diverse 
ferns and the less diverse lycopods and bryophytes. 

Highland Forest Vegetation 

Behind the delta system, southward in the high­
lands, which may have been a few tens of kilometers 
away based on the nearest persistent granular or con­
glomeratic sediments, in the foothills of the ancestral 
Brooks Range, we postulate a primarily coniferous forest. 
This upland area probably yielded pollen such as Pinus­
pollenites, Vitreisporites, Podocarpus, Araucariacites, 
and possibly Sequoiapollenites. As dry lands developed 
within the delta system, we believe that the conifer vege­
tation, represented by their pollen types, colonized these 
areas, creating the source for some of the coniferous pol­
len that influenced the trends in the illustrated counts 
(figs. 54-62) for the gymnosperm group. Most of the fos­
sil wood collected within the boundaries of the adjacent 



Corwin delta system is coniferous, and petrified conifer­
ous tree trunks have been observed there in probable 
growth position (R. A. Scott, oral commun., 1979) in 
the Corwin Formation, which is considered to have been 
environmentally similar to the Umiat delta Killik Tongue 
of the Chandler Formation discussed here. Fossil conifer 
leaves possibly of the fossil genus Elatocladus have been 
observed by May (unpub. data) in great numbers in the 
Killik Tongue of the Chandler Formation on the Anak­
tuvuk River at the type locality of the Grandstand Forma­
tion. Other conifer remains have been observed by us in 
Titaluk-1 well. Robinson (1956, p. 27) reported Elatides 
in the Grandstand of Oumalik-1 well. Collins (1959) re­
ported Cephalotaopsis from Square Lake-1 well. These 
occurrences suggest the presence of conifers within the 
delta system. Dominances of bisaccate conifer pollen have 
been observed in the Grandstand Formation in the west­
ernmost part of the Umiat delta from Titaluk-1 and East 
Oumalik-1 wells. These dominances may reflect the de­
velopment of better drained land areas near there. These 
dominances are discussed specifically later. 

An argument can be made that these pollen and 
leaves have washed in along distributaries, or that the pol­
len have been transported by wind or water currents for 
considerable distances. Such interpretations can be readily 
determined by the reader, and we feel that some degree 
of the count data represents this amount of transport. 
Based on a few published criteria, we also think that it 
is possible that most of the palynomorphs counted origi­
nated within a few kilometers of the well sites (this is 
even more true of spores). Traverse and Ginzberg (1966, 
p. 428) stated that "it must be pointed out that the great 
bulk of pine pollen, or any other pollen, is dropped within 
a few miles of the tree of origin, unless the air is very 
turbulent." They also indicated that pine-pollen deposition 
is generally greater near the source, and that it decreases 
away from the source. Tschudy (1969, p. 80) stated that 
"experiments on modem pollen rains suggest that probably 
most pollen that occur as fossils have been transported 
relatively short distances before becoming incorporated 
into sedimentary deposits." He further stated that the 
"plants growing within a basin or an area of deposition 
may drop their pollen and spores in situ. The pollen will 
then be moved about only by such currents as may be 
active within the area" (Tschudy, 1969, p. 80-81). An 
example provided by Tschudy shows that fem spores 
mainly of the genus Acrostichum growing near the mouth 
of the Rio Catatumbo at Lake Maracaibo, Venezuela, are 
deposited in greatest percentages directly off the mouth 
of that river. We apply these criteria solely as a prelimi­
nary approach to the areas within and immediately in front 
of the Umiat delta, anticipating that some unknown 
amount of the pollen and spores counted originated from 
greater distances. 

Marine and Brackish-Water Palynomorphs 

Dinoflagellates and acritarchs occur in most samples 
examined and counted. Although often in low percen­
tages, their presence indicates that the Umiat delta was 
frequently inundated by seawater, which indicates a low 
delta relief, near sea level. Some assemblages in the Killik 
Tongue of the Chandler Formation and the Ninuluk For­
mation are unique in having small deflandreoid and 
ceratioid complexes not previously described, which prob­
ably represent brackish-water environments (May, 1979). 
Some of these forms illustrated in May ( 1979) are iden­
tified as: 

Deflandrea species A through H 
Muderongia species A and B 
Other assemblages in the Grandstand Formation and 

the Killik Tongue of the Chandler Formation appear to 
be more characteristically marine and are represented by 
the following (May 1979; May and Stein, 1979): 

Apteodinium granulatum 
Batioladinium jaegeri 
Callaiosphaeridium assymmetricum 
Chlamydophorella nyei 
Cribroperidinium edwardsi 
Gardodinium elongatum 
Hystrichosphaeridium arundum 
Lithodinia stoveri 
Luxadinium propatulum 
Muderongia asymmetrica 
New Genus A 
Oligosphaeridium albertense 
Ovoidinium verrucosum 
Pseudoceratium expolitum 
Spinidinium vestitum 
The study of these probably brackish versus marine 

associations appears to be extremely useful in paleogeo­
graphical reconstructions of the Umiat delta. 

CONDITION OF PLANT MATERIAL PRESERVED 
IN TEST WELLS STU DI ED 

Fossil plant remains found during logging of the 
test wells in this study were described, for the most part, 
in general terms by Collins (1958, 1959) and Robinson 
(1956, 1958, and 1959). Plant remains seem to be more 
complete and better preserved in two of the westernmost 
wells, Titaluk-1 and Oumalik-1, where nearly complete 
leaves, plant-leaf coquina, numerous black plant impres­
sions, abundant black plant fragments, Elatides sp., and 
Ginkgo digitata were found. In the remaining wells, rather 
nondescript terms were used by Collins and Robinson to 
describe the plant remains, such as plant impressions, car­
bonaceous plant fragments, coaly plant remains, and car-
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bonaceous partings, which suggests that plant material 
east of the Titaluk-Oumalik area is more degraded. One 
reason for the difference in preservation may be because 
sedimentological data suggest that a delta lobe with natu­
ral levees extended from the Titalik area to the Oumalik 
area (fig. 1; Huffman and others, this volume). Natural 
levees are one of the longer lasting features of modern 
deltas because leaf litter protects them from erosion by 
rain. This leaf litter comes from riparian forests that 
develop on the levees as dryland conditions become more 
prevalent (Fosberg, 1964, p. 230). One hypothesis, then, 
is that the apparently better preservation of plant megafos­
sils in the Titaluk-Oumalik area resulted from leaf litter 
on levees that were built out from the Titaluk area to 
the Oumalik area. The apparently poorer condition of fos­
sil-plant remains east of there may have resulted from 
the influence of more destructive marine and (or) fluvial 
systems, and the plant material became quite degraded 
before final deposition. 

One curious aspect of the Umiat delta is its small 
amount of coal as compared to that of the Corwin delta 
system to the west. For example, the Nanushuk Group 
of the Corwin delta system at Kaolak-1 well appears to 
have about 60 m of coal (Ira Pasternack, U.S. Geological 
Survey, oral commun.), whereas Titaluk-1 and all of the 
other Umiat delta test wells appear to have less than 6 
m of coal each. The high diversity in the palynomorphs 
(more than 100 genera), especially the spores, suggests 
a lush vegetation within or near the Umiat delta. Appar­
ently the relative lack of coal resulted from biodegradation 
of plant material within the swamps. Nutrients in the 
water probably were abundant, and biological agents 
could have caused deterioration of the organic material. 
This deterioration may account for the carbonaceous 
shales described from some of the eastern wells. At any 
rate, both fluvial and paludal processes appear to have 
degraded the organic material in the east. 

COAL AND SHORELINES 

The presence or absence of coal in parts of the wells 
studied was helpful in determining the general positions 
of shorelines. The presence of coal indicates periods of 
terrestrial deposition, interpreted here as indicating that 
at times the shoreline was somewhat seaward, or north 
of the wells. Intervals containing marine fossils and lack­
ing coal suggest marine deposition and that at times the 
shoreline lay landward, or to the south of the wells. The 
relative direction of the shoreline from each well site, 
based on coal or marine fossils, is one of the main tools 
used here in the reconstruction through time of the Umiat 
delta. 
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PALEOECOLOGY OF INVERTEBRATE 
MEGAFOSSI LS 

Invertebrate megafossils collected from the 
Nanushuk Group within the Umiat delta are listed below 
with associated environments (N. F. Sohl and D. L. 
Jones, U.S. Geological Survey, Washington, D.C., and 
Menlo Park, Calif., respectively, oral commun., 1979. 
See fig. 53 for general localities by formation based on 
Imlay, 1961): 
Grandstand Formation (fig. 53A and B) 

Arctica. Slightly brackish water, sluggish, shallow 
burrower. 

Entolium. Bysally attached pectinoid. Can be am­
bulatory into bays. Definitely marine, but may ex­
tend into lower estuaries. Shallow water. 

Corbula. Brackish water. 
Lingula. Muddy sand and fine-grained sediments. 

Also found in Gulf Coast chalks. Sometimes brac­
kish water but not freshwater. 

Inoceramus. Almost completely marine. Nearly any 
water depth. 

Nucula. Likely deepest part of shelf, fully marine. 
Psilomya. Marine shore to shelf; more common at 

shallow ends. Burrows about 6 in. Bottom dweller. 
Nonturbid. Sluggish. 

Panope. Similar to Psilomya. 
Tancredia. Possibly brackish water, extremely shal­

low. Hard substrate. 
Thracia. Mainly marine. Thin shelled. Good bur­

rower. Shallow mud and silt. 
Killik Tongue of the Chandler Formation (figs. 53C and 
D) 

fish. 

Entolium. See Entolium above. 
Leptosolen. Razor clam. Deposit feeder. Deep bur-

rower. Can be shallow marine. 
Lingula. See Lingula above. 
Panope. See Panope above. 
P silo my a. See P silomya above. 
Thracia. See Thracia above. 
Veniella. Fully marine. Muddy sand. 
Unio. Freshwater. 

Also reported were fish teeth, fish scales, and star-

ANALYSIS OF PAL YNOFLORAS 

The palynological history of each well is described 
below in terms of the floras inferred to have existed in 
the vicinity of each well. As a preliminary approach, we 
assume that most pollen and spores were deposited within 
a few kilometers of their vegetation, but we also acknowl-



edge that some pollen and spores were carried greater dis­
tances (for example, bisaccate conifer pollen) (Traverse 
and Ginzberg, 1966). 

Knifeblade-1 Well (Robinson, 1959) (Fig. 54) 

Well information.-Knifeblade-1 well contains 
about 243 m of the Killik Tongue of the Chandler Forma­
tion (from surface to about 250-m depth) and about 305 
m of the Grandstand Formation (250 m to 550 m). It 
is not known how much Grandstand Formation lies be­
neath the bottom of the well, but at nearby Titaluk-1 well 
there is about 488 m of Grandstand Formation, suggesting 
that about 183 m of Killik has been eroded at Knifeblade. 
Sandstone and shale alternate through the Nanushuk, and 
coals are present in the Killik and upper Grandstand For­
mation. 

General palynology .-Samples are lacking for 
much of the Grandstand Formation between 305 and 518 
m, but were available in the bottom 30 m and the top 
61 m. Adequate samples were available through the Kil­
lik. 

Dinoflagellates are numerous in the bottom 30 m 
of the Grandstand Formation (15-36 percent), which indi­
cates marine conditions. Gymnosperms dominate in this 
interval (36 to 40 percent) over dinoflagellates and ac­
ritarchs, but alternate in dominance with spores. In the 
upper 61 m of the Grandstand, where samples are again 
available, spores dominate strongly, reaching peaks of 68 
percent, gymnosperms have decreased slightly, having 
peaks of 33 to 40 percent, and dinoflagellates-acritarchs 
have decreased markedly to 3 to 10 percent. 

Percentages remain about the same for each group 
passing from the Grandstand Formation into and through 
the Killik Tongue of the Chandler Formation. However, 
spores increase slightly, gymnosperms decrease slightly, 
and dinoflagellates-acritarchs remain about the same, hav­
ing very low percentages of 2-9 percent. 

Trends.-Although little data are available for the 
Grandstand Formation, trends exist in the Killik and can 
be inferred in the lower Grandstand. Spores increase from 
the base of the Grandstand up and through the Killik; 
gymnosperms remain about the same in the Grandstand 
but decrease through the Killik, being intermediate be­
tween spores and dinoflagellates; and dinoflagellates and 
acritarchs decrease from the lower Grandstand into the 
upper Grandstand where they are greatly dominated by 
both gymnosperms and spores, and they remain about the 
same, in very low percentages, through the Killik. 

Coal.--Coal is not present in the lower two-thirds 
of the Grandstand Formation, but it is fairly common from 
350 m up through the remaining Grandstand and Killik 
Tongue of the Chandler Formation. 

Paleoenvironmental interpretation.-The presence 
of dinoflagellates and acritarchs throughout the well, al­
though generally in small percentages (less than 10 per­
cent), suggests a continual marine influence. The abun­
dance of terrestrial palynomorphs indicates a close prox­
imity to shoreline in the lower half of the Grandstand 
Formation, but the lack of coal and presence of dino­
flagellates in the lower Grandstand suggest marine near­
shore deposition. Higher in the Grandstand, the repeated 
presence of coal suggests frequent subaerial exposure 
along an oscillating shoreline. The high concentration of 
spores in the upper Grandstand and all of the Killik 
suggests wet conditions within the delta. The continual 
increase in spores and decrease in gymnosperm pollen in­
dicate that conditions were becoming continually wetter. 
Thus, in this area, the adjacent delta was initially dry 
enough to sustain occasionally dominant gymnosperm 
floras (base of Grandstand Formation), but it became wet­
ter, and spore-producing vegetation became dominant. At 
the well locality, subaqueous deposition persisted until 
upper Grandstand time when the first coals formed. After 
this time, an oscillating shoreline controlled deposition, 
allowing coal to form on marginally marine shales and 
siltstones. The continual increase in spores suggests shoal­
ing or continual establishment of the delta in the area, 
and that the general paleoenvironment was wet. 

Titaluk-1 Well (Robinson, 1959) (Fig. 55) 

Well information.-The Titaluk-1 well penetrated 
the Ninuluk Formation, the Killik Tongue of the Chandler 
Formation, and the Grandstand Formation. The Ninuluk 
occurs at the surface, and it is not known how much of 
the upper part is missing. Because more Ninuluk is pres­
ent here than in any of the other wells, probably most 
of it is present. Samples were available for the lower 122 
m of the Ninuluk. All of the Killik is present (discon­
formities are not suspected), and several samples were 
available for analysis throughout this unit. The underlying 
Grandstand Formation was also completely penetrated, 
and adequate sampling was done throughout the Grand­
stand Formation. 

Throughout the Nanushuk Group, sandstones alter­
nate with shales and siltstones typical of a continually 
shifting delta. The Killik has much less sandstone per unit 
of section than does the Grandstand. 

General palynology.-In the lower 152 m of the 
Grandstand Formation, spores and gymnosperm pollen are 
similar in relative frequencies, alternating in dominance. 
Through the next 244 m, gymnosperm pollen dominates 
markedly, reaching peaks of 66 to 75 percent. In the 
upper 122 m of the Grandstand, gymnosperm pollen and 
spores again are similar in numbers, but alternate, the 
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Figure 53. Invertebrate megafossils observed in Nanushuk Group rocks (Imlay, 1961). Shape of delta (heavy 
solid line) based on configuration of sand percentage contours (Huffman and others, this volume) and 
shows composite of features that developed over the lifetime of the delta. A, lower part of Grandstand 
Formation; B, upper part of Grandstand Formation; C, lower part of Killik Tongue of the Chandler Forma­
tion; D, upper part of Killik Tongue of the Chandler Formation. 
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spores becoming dominant. Spores then dominate in the 
lower 122 m of the Killik, and reach peaks of 68 to 81 
percent. Spores dominate in the remainder of the well. 
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Gymnosperm pollen appears to be dominant 
throughout most of the Grandstand, although alternating 
somewhat with spores at the base and top. In the Killik, 
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gymnosperm pollen are subordinate to spores, but 
amounts remain rather uniform to the top of the Ninuluk. 

Dinoflagellates and acritarchs dominate in two sam­
ples at the base of the Grandstand, but are almost totally 
subordinate to both gymnosperm pollen and spores 
throughout the remainder of the well. 

Angiosperms are present as a very minor component 
in several samples scattered throughout the well. 

Trends.-Dinoflagellates and acritarchs generally 
decrease in numbers from the base to the top of the 
Grandstand (40-4 percent), but remain relatively uniform 
up through the Killik and Ninuluk, although increasing 
slightly upsection into the Ninuluk. 

Gymnosperm pollen generally increases from the 
base of the Grandstand Formation for about 305 m (25-67 
percent), and then generally decreases to the top of the 
Ninuluk (67-22 percent). 

Spores generally decrease from the base of the 
Grandstand Formation upward for about 305 m. In the 
upper Grandstand, spores increase (20-47 percent) and re­
main rather uniform upward through the remaining Killik 
and Ninuluk. 

Coal.-One thin coal seam occurs in the lower part 
of the Grandstand Formation. In the middle Killik, coal 
is common in thin layers. In the upper Killik and lower 
Ninuluk, coal is sparse but is present in somewhat thicker 
layers in the middle Ninuluk. It is sparse in the upper 
Ninuluk. 

Paleoenvironmental interpretation.-The continual 
decrease in dinoflagellates and acritarchs upward in the 
Grandstand Formation suggests a lessening in marine con­
ditions throughout that interval. This change suggests that 
deltaic buildup was reducing the marine influence more 
and more. The one thin coal seam in the lower part of 
the Grandstand Formation suggests rare subaerial exposure 
at that time. Subaerial exposure was common in middle 
Killik time. In the lower and upper Grandstand Formation 
gymnosperms (mainly conifers) become markedly domin­
ant over spores, suggesting better drained conditions in 
adjacent deltaic areas. In the uppermost Grandstand, 
spores first begin to dominate over gymnosperm pollen, 
suggesting that deltaic conditions near the Titaluk well 
were becoming wetter. This environment becomes more 
striking in the lower Killik where spores dominate over 
gymnosperms by as much as 60 percent. At 122 m up 
into the Killik, spores and gymnosperms alternate several 
times, but spores dominate upward through the remainder 
of the section, which suggests general wet conditions. 

The rare occurrence of coal in the Grandstand 
suggests that the Titaluk well area was generally sub­
merged. The shoreline appears to have reached the area 
once in early Grandstand time, but not again until middle 
Killik time. 

Lower Killik deposition was much the same as the 
upper Grandstand. Coal is sparse and sporadic. During 
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middle Killik time here, coal formation was more com­
mon, suggesting that the area was emergent more fre­
quently and that the shoreline, therefore, was often to the 
north. 

Coal formed occasionally during middle Ninuluk 
time. At this time the shoreline, though oscillating back 
and forth, was probably mostly to the south, due to the 
more common marine influence. Dinoflagellate occur­
rence tends to increase from the lower Killik upward 
through the Ninuluk, which suggests the establishment of 
estuarine conditions within the delta, possibly due to the 
Seabee transgression that ultimately covered the delta. 

In general, in most of the Grandstand Formation, 
the pollen, spores, and dinoflagellates-acritarchs suggest 
an initial period of draining when gymnosperm vegetation 
dominated adjacent deltaic areas. This period was fol­
lowed by wet conditions during latest Grandstand time 
and throughout the remainder of the time represented in 
the well, when spore-producing vegetation dominated. 
The shoreline appears to have remained to the south most 
of the time. 

Oumalik-1 Well (Robinson, 1956) (Fig. 56) 

Well itiformation.-Oumalik 1 well penetrated the 
Grandstand Formation from the surface to a depth of 929 
m. Therefore, no data are available for either the Killik 
or the Ninuluk, which typically overlie the Grandstand. 
Sandstones, shales, and siltstones alternate throughout the 
Grandstand, sandstone being less common in the upper 
half. 

General palynology .-From the base of the Grand­
stand Formation upward, spores and gymnosperm pollen 
alternate in dominance through about 152- or 183-m inter­
vals, implying slow changes in the wetness and dryness 
of the delta. In the bottom 152 m, spores reach peaks 
of 50 to 56 percent, dominating gymnosperm pollen by 
10 to 25 percent. Through the next 152-m interval, gym­
nosperms reach a peak of 62 percent, dominating spores 
by as much as 32 percent. Through the next 183 m, 
spores and gymnosperm pollen remain relatively uniform, 
spores dominating gymnosperms by only 1 to 5 percent. 
Through the next 213 m of the Grandstand, gymnosperms 
increase continually from 43 to 77 percent, and spores 
drop continually from 45 to 19 percent. No samples were 
available for the upper 152 m of the well. Angiosperm 
pollen was not observed. 

Dinoflagellates and acritarchs are present in each 
sample examined, but they dominate in only one sample 
from about 137 m above the base of the Grandstand. In 
all other samples they are subordinate to both spores and 
gymnosperm pollen throughout the section. 

Trends.-Dinoflagellates and acritarchs decrease 
generally from the base of the Grandstand to the top. 
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Gymnosperm pollen increase slightly up through the well, 
and spores decrease slightly up through the well. 

Alternation of dominance between gymnosperm pol-

len and spores is almost rhythmic, changing over each 
152 to 183 m. 

Coal.--Coal occurs sparsely through the Grand-
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stand Formation, but is more common in the Grandstand 
here than in any of the other wells examined. 

Paleoenvironmental interpretation.-The general 
decreasing trend in dinoflagellates and acritarchs suggests 
growth of the delta and accompanying restriction of 
marine influences through time. The few occurrences of 
thin coal seams suggest some subaerial exposure and that 
the shoreline was occasionally to the north. However, the 
shoreline was oscillating, as dinoflagellates are also per­
sistent, though in low percentages, most samples having 
less than 18 percent. 

Dominant spores in the lower 152 m suggest that 
adjacent deltaic areas were wet. Drier conditions are 
suggested by dominant gymnosperm pollen in the next 
higher 152 m. For 183 m above this, fem spores dominate 
the gymnosperms slightly by a few percent. This relation­
ship suggests some equivalence between areas of gymno­
sperm and spore floras in adjacent deltaic areas. In the 
upper 213 m, gymnosperms increase consistently in domi­
nance, which suggests drying conditions in adjacent del­
taic areas where gymnosperm floras became dominant. 

The striking overall feature in the Oumalik well is 
that spores as well as dinoflagellates and acritarchs consis­
tently decrease, and gymnosperms consistently increase 
even though spores and gymnosperms alternate in domi­
nance. This relationship suggests that marine influence 
was continually decreasing and that better drained condi­
tions were becoming more prevalent in the adjacent del­
taic areas, or that nearby dis tributaries were bringing in 
more bisaccate pollen from the highlands. 

East Oumalik-1 Well (Robinson, 1956) (Fig. 57) 

Well information.-East Oumalik-1 well penetrated 
a complete section of Killik, 207 m thick, and Grand­
stand, 707 m thick. The entire section consists of alternat­
ing sandstone, shale, and siltstone. 

General palynology.-Of all the wells examined, 
East Oumalik has the least variation in relative frequencies 
for each group of palynomorphs. Dinoflagellates are pres­
ent in each sample examined, generally between 5 and 
18 percent, and dominating the other two main groups 
(gymnosperm pollen and spores) only in the uppermost 
Killik in one sample. Spores fluctuate with the dinoflagel­
lates, remaining uniform up through the Grandstand, al­
ways dominated by gymnosperm pollen. In two samples, 
at 289 and 518 m in the Grandstand, gymnosperm pollen 
dominate spores by only about I percent. In the Killik, 
however, spores dominate gymnosperm pollen by a con­
siderable amount (3-41 percent). The relative frequencies 
of gymnosperm pollen are very uniform up through the 
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Grandstand, generally between 43 and 55 percent. In the 
Killik, however, gymnosperm pollen shows a rather con­
tinual decreasing trend, and is dominated by both dino­
flagellates and spores near the top of the tongue. 

Trends .-Relative frequencies are fairly uniform for 
each group throughout the Grandstand Formation. Gym­
nosperm pollen dominate at least slightly in almost every 
sample examined, spores are slightly subordinate to the 
gymnosperm pollen, and dinoflagellates and acritarchs are 
dominated by both. In the Killik Tongue of the Chandler, 
the trend of gymnosperm pollen amounts is to lower per­
centages, and these amounts are subordinate to spores 
throughout most of the tongue. The trend of dinoflagel­
lates and acritarchs is to higher percentages, dominating 
both spores and gymnosperms near the top of the tongue. 
No angiosperm pollen were observed in any Grandstand 
or Killik samples. 

Paleoenvironmental interpretation.-The presence 
of dinoflagellates and acritarchs in all samples examined 
suggests continuous marine influence throughout 
Nanushuk time, although the Killik assemblages appear 
more estuarine than those of the Grandstand. The almost 
continuous and uniform dominance of gymnosperm pollen 
throughout the Grandstand Formation suggests that better 
drained conditions existed for a long period in adjacent 
deltaic areas, or that deltaic distributaries were transport­
ing bisaccates to this area. The decrease in numbers of 
gymnosperm pollen in the Killik and the resulting domi­
nance by spores suggests that conditions became wetter 
in adjacent areas. This conclusion is substantiated by the 
increase in numbers of dinoflagellates, which suggests 
brackish water through Killik time. Bodies of standing 
water likely communicated with the sea by increased mix­
ing with saltwater through tidal channels. Swamp condi­
tions appear more prevalent in the basal Killik, as is indi­
cated by increased coal amounts. 

Wolf Creek-2 and -3 Wells (Collins, 1959) 
(Fig. 58) 

Well information.-In the Wolf Creek-3 well, 
palynological samples were available only for the Grand­
stand Formation. For this reason, palynological data for 
the Killik Tongue of the Chandler Formation were 
gathered from Wolf Creek-2 well and were included with 
the Grandstand data from Wolf Creek-3 as a composite 
section. In Wolf Creek-3, a complete section of Grand­
stand Formation was penetrated from about 427 m to 841 
m. In Wolf Creek-2, a complete section of Ninuluk For­
mation was penetrated, but no samples were available. 
Underlying the Ninuluk, a complete section of Killik was 
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Figure 58. Composite relative-frequency diagram of main palynomorph groups, environ­
mental data, and spontaneous-potential log from Wolf Creek-2 and -3 wells (composite 
section), Umiat delta area, North Slope. 

penetrated between 198 and 472 m, for which samples 
were available. 

The Grandstand Formation is composed of alternat-
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ing sandstone and shale or siltstone. The Killik is primar­
ily shale and siltstone, but thin sandstones are also pres­
ent. 



General palynology .-Spores tend to dominate 
through both the Grandstand and Killik, even though their 
relative frequencies fluctuate considerably from sample to 
sample, especially within the Grandstand Formation. Rare 
peak abundances of gymnosperm pollen or dinoflagellates 
and acritarchs occur. Whereas dinoflagellates and ac­
ritarchs are dominated by gymnosperm pollen at the base 
of the Grandstand, they alternate with the gymnosperm 
throughout the remainder of the Grandstand. In the Killik, 
where spores tend to dominate all groups, the dino­
flagellates and acritarchs are subordinate to the gymno­
sperms, with one exception in the middle of the Killik. 

Angiosperms are present in low percentages (0-4 
percent) and form an almost negligible component, as in 
other wells. 

The most striking feature of the relative frequencies 
from the Wolf Creek wells is the degree of fluctuation 
of each group from sample to sample within the Grand­
stand Formation; this fluctuation reflects unstable condi­
tions near the well sites. Although hydrodynamic condi­
tions could be involved, such as fades-controlled deposi­
tion of palynomorphs, we make a preliminary interpreta­
tion here of rapidly changing vegetational environments 
in adjacent deltaic areas. 

Trends.-Dinoflagellates and acritarchs appear in 
low percentages (2-18 percent) at the base of the Grand­
stand, but they rise to 46 percent in the lower Grandstand 
before decreasing again to 9 percent. This decrease is fol­
lowed by a relatively consistent rise through the rest of 
the Grandstand to 58 percent. Dinoflagellates and ac­
ritarchs then decline abruptly at the top of the Grandstand, 
followed by continuously increasing peaks into the Killik. 

Spores dominate through most of the Nanushuk, but 
it was difficult to determine any particular trends. The 
consistent wide fluctuation in their percentages is striking, 
but peaks or lows do not seem to follow any particular 
pattern. 

Gymnosperm pollen percentages appear to have 
rhythmically fluctuating patterns. At the base of the 
Grandstand, gymnosperm pollen percentages are high 
(two peaks of 65 and 92 percent), then they decrease to 
24 percent, rise to 68 percent at the base of the upper 
Grandstand, then decrease to 8 to 21 percent in the upper 
Grandstand, then increase to 69 percent at the top of the 
Grandstand. In the Killik, gymnosperm pollen generally 
decrease from the 69 percent peak at the top of the Grand­
stand to 29 percent at the top of the Killik. 

Coal.-Except for one thin coal seam at about 465 
m (uppermost Grandstand), no coal is present throughout 
the Grandstand Formation, although carbonaceous part­
ings and material were frequently recorded in the well 
description. A few thin coal seams appear in the base 
of the Killik at both Wolf Creek-2 and -3 wells and be­
come more abundant through the middle Killik at Wolf 

Creek-2. Coal is present in the upper Ninuluk at both 
Wolf Creek-2 and -3. 

P aleoenvironmental interpretations. -The lack of 
coal in the Grandstand suggests continual subaqueous 
(marine to estuarine) deposition, but the presence of car­
bonaceous material throughout this interval indicates near­
shore deposition. Dinoflagellates and acritarchs have sev­
eral peaks between 25 and 59 percent in the Grandstand, 
which suggests relatively good marine conditions. The 
general dominance of spores throughout the Grandstand 
suggests wet conditions in adjacent deltaic areas; a few 
gymnosperm peaks suggest that better drained conditions 
existed somewhere nearby. 

In the Killik, dinoflagellate and acritarch per­
centages are consistently lower than in the Grandstand, 
and the assemblages are assumed to be estuarine. The 
drop in dinoflagellates corresponds to coal development 
at the well site, which suggests shoaling and some subaer­
ial deposition. The dominance of spores and the decreas­
ing gymnosperm pollen in the Killik suggests increasingly 
wet conditions in adjacent deltaic areas. 

The high degree of fluctuation of percentages for 
all groups in the Grandstand is interpreted as suggesting 
frequent changes in wetness in the nearby deltaic areas. 
On rare occasions, adjacent areas may have become dry 
enough to support dominant gymnosperm vegetation 
(primarily conifer), but this appears exceptional. 

Square Lake-1 Well (Collins, 1959) (Fig. 59) 

Well information.-Square Lake-I well penetrated 
the Nanushuk Group from 576 to 1,215 m. The forma­
tions include Chandler-Ninuluk undifferentiated from 576 
to 756 m and Grandstand Formation from 756 to 1,215 
m. Although the well bottomed in the Grandstand Forma­
tion, we believe that most of the formation is present in 
the well. 

Although the Killik Tongue of the Chandler and the 
Ninuluk are undifferentiated in the well, we believe that 
most of this interval is probably Killik because the thick­
ness of the unit is only 183 m, which is not unreasonable 
for the Killik in this area. 

The section consists of alternating sandstone, shale 
and siltstone, with shale predominant. 

General palynology.-In the lower 152 m of the 
Grandstand Formation, gymnosperms dominate initially, 
but decrease from 60 to 38 percent, whereas the spore 
palynoflora increases through the same interval from 35 
to 49 percent. The transition interval from gymnosperm 
dominance to spore dominance shows much alternation 
in the dominance of spores and gymnosperms. Although 
dinoflagellates and acritarchs are a minor component, they 
show one peak of 40 percent. Angiosperms are present, 
but they are always less than 3 percent. 
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Figure 59. Composite relative-frequency diagram of main palynomorph groups, environmental 
data, and spontaneous-potential log from Square Lake-1 well, Umiat delta area, North Slope. 

The overlying 213 m of the Grandstand Formation 
lacked samples. At the top of this interval, at 866 m, 
spores dominate markedly (81 percent) over gymnosperms 
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(13 percent). Dinoflagellates and acritarchs are present in 
low numbers (about 6 percent). Angiosperms are absent. 

From 866 m (upper Grandstand Formation) to the 



top of the Nanushuk Group (576 m), spores generally de­
crease from 80 to 40 percent, whereas the gymnosperm 
pollen generally increases from 13 to 53 percent. In the 
upper 15 m of the Chandler-Ninuluk undifferentiated se­
quence, gymnosperms and spores alternate briefly in 
dominance, but near the top of this interval spores domi­
nate (71 percent) over gymnosperm pollen (22 percent). 

Trends .-In a general way, spores and gymnosperm 
pollen vary inversely to each other in the well. As gym­
nosperms decrease in dominance from the base of the well 
in the lower Grandstand to the upper Grandstand, spores 
increase. From the upper Grandstand to the top of the 
Nanushuk, gymnosperm pollen increase in numbers and 
spores decrease. Spores, however, maintain a slight domi­
nance at the top of the well in what is probably the 
Chandler Formation (Killik Tongue). 

Dinoflagellates and acritarchs are relatively stable 
throughout the well with some peaks of less than 20 per­
cent, and they do not appear to be affected by trends 
in either the spores or the gymnosperms. 

Angiosperms are an insignificant part of the overall 
palynoflora, and trends are difficult to detect. 

Coal.-Two occurrences of coal are indicated in the 
well description. These are thin layers in the upper Chand­
ler-Ninuluk interval. A few carbonaceous partings and 
carbonaceous plant remains were also noted throughout 
the Nanushuk. 

Paleoenvironmental interpretations.-The presence 
of dinoflagellates throughout the Nanushuk Group, al­
though generally in small percentages (less than 18 per­
cent), suggests a continuous marine influence. The domi­
nance of terrestrial palynomorphs suggests a close proxim­
ity to shoreline. The general lack of coal suggests general 
subaqueous deposition. General dominance of spores 
suggests that adjacent deltaic areas were wet; the slight 
dominance of gymnosperm pollen at the bottom of the 
well (lower Grandstand), however, suggests somewhat 
better drained conditions nearby at that time, or that del­
taic distributaries were draining into the area. 

Umiat-1 Well (Collins, 1958) (Fig. 60) 

Observations on the Umiat-1 well were made only 
in the Ninuluk Formation and Killik Tongue of the Chand­
ler Formation for comparison with the same intervals in 
nearby Umiat-11 well. The unusually high amount of 
shale in Umiat-1 contrasts strongly with the higher con­
centrations of sand from the same interval at Umiat-11 
and suggests dissimilar environments of deposition, proba­
bly an embayment versus a delta lobe. 

Well information.-A complete section of the 
Ninuluk Formation, Killik Tongue of the Chandler Forma­
tion, and the Grandstand Formation was penetrated to a 
depth of 613 m. 

General palynology.-Dinoflagellates and acritarchs 
in the Killik Tongue of the Chandler Formation range be­
tween 5 and 15 percent, suggesting some marine influ­
ence. Specific assemblages suggest estuarine conditions 
as well. Higher in the Ninuluk Formation, two samples 
show a range for dinoflagellates of 3 to 63 percent, proba­
bly indicating quiet or brackish-water areas possibly 
caused by the initial effects in the delta of the Seabee 
marine transgression. 

Spores appear to dominate most of the Killik 
Tongue of the Chandler,suggesting relatively wet environ­
ments in adjacent deltaic areas. Gymnosperms appear to 
be intermediate between dinoflagellates and spores within 
this interval. In the upper part of the Killik Tongue of 
the Chandler and in the Ninuluk Formation, gymnosperms 
have relative frequencies similar to those of the spores, 
but with a slight dominance. Angiosperms are a minor 
part of the palynoflora, and occur in only two samples. 

Trends.-Spores decrease generally up through the 
section. The limited data make it difficult to interpret 
trends for the gymnosperms and dinoflagellates and ac­
ritarchs. 

Coal.-No coal was described in the well log. Car­
bonaceous partings are common. 

Paleoenvironmental interpretations .-The overall 
lack of coal suggests general subaqueous deposition. Di­
noflagellate occurrences suggest marine conditions with 
some brackish water. The presence and persistence of car­
bonaceous material indicates nearshore shallow water. 

Umiat-11 Well (Collins, 1958) (Fig. 61) 

Well information.-Vmiat-11 well penetrated a 
complete section of the Ninuluk Formation, Killik Tongue 
of the Chandler Formation, and the Grandstand Formation 
to a depth of 93 7 m. The Grandstand is about 198 m 
thick, the Killik about 79 m thick, and the Ninuluk For­
mation is about 36 m thick. Lithologies are alternating 
sandstone and siltstone or shale. 

General palynology.-Dinoflagellate and acritarch 
relative frequencies are generally higher in Umiat-11 than 
in most of the other wells examined, and range from 17 
to 38 percent in the Grandstand Formation, 13 to 37 per­
cent in the Killik Tongue of the Chandler Formation, and 
24 to 40 percent in the Ninuluk Formation. 

Gymnosperm pollen are generally intermediate in 
abundance between dinoflagellates-acritarchs and spores, 
except in the lower Grandstand and Ninuluk, in which 
they appear to be subordinate to both dinoflagellates-ac­
ritarchs and spores. 

Spores dominate throughout the Grandstand inter­
val, alternate in dominance with gymnosperms through 
much of the Killik, and then dominate through most of 
the Ninuluk. 
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Figure 60. Composite relative-frequency diagram of main palynomorph groups, and environmental data and 
spontaneous-potential log from Umiat-1 well, Umiat delta area, North Slope. Megafossils reported from the 
underlying Grandstand Formation include: Voldia and Corbula? (1,635 ft, 498 m); Corbula? (1,693 ft, 516 m); 
and Arctica (1,712 ft, 522 m). 

Angiosperm pollen are a minor component, gener­
ally less than about 3 percent, but they are persistent in 
most of the samples examined. 

Trends .-Dinoflagellates-acritarchs decrease from 
38 to 13 percent up through the Grandstand Formation 
and into the lower Killik, but they peak at 36 percent 
in the middle Killik. In the Ninuluk they have two peaks 
of 35 and 40 percent. 

Gymnosperm pollen are somewhat stable in number 
in the Grandstand, but increase through the Killik, and 
then decline through the Ninuluk. 

Spores fluctuate widely through the Grandstand For­
mation, and have high relative frequencies (35 to 62 per­
cent), then decrease continuously into the middle part of 
the Killik. From the middle Killik to the upper Killik 
the spores generally increase, although they fluctuate in 
numbers, but they drop to 15 percent in the uppermost 
Killik. Through the Ninuluk the spores rise sharply. 

Coal.-There is no coal reported from the Grand­
stand Formation. One thin seam occurs in the lower 
Ninuluk or uppermost Killik. No coal is reported from 
the remainder of the Ninuluk. Carbonaceous material is 
reported from the Killik and Ninuluk. 

Paleoenvironmental interpretations .-Dinoflagel­
lates and acritarchs range generally between 13 and 25 
percent in the Nanushuk Group, which suggests a rather 
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continual marine influence. A few peaks of more than 
30 percent were observed. 

The overall dominance of the terrestrial palynoflora 
suggests close proximity to shoreline. The spore domi­
nance in the Grandstand and lower Killik indicates that 
adjacent deltaic areas were wet during that time interval. 
The low relative frequencies of dinoflagellates and ac­
ritarchs and high frequencies of gymnosperms in the upper 
Killik suggest that the area was becoming less marine and 
that better drained environments were developing within 
the adjacent delta. The decrease in both gymnosperms and 
spores through the Ninuluk and sharp increase of dino­
flagellates and acritarchs suggests that the nearby areas 
were again coming under a marine influence, likely from 
the Seabee transgression. 

Grandstand-1 Well (Robinson, 1958) (Fig. 62) 

Well information.-The Grandstand-I well pene­
trated the Nanushuk Group from 34 to 326 m. Formations 
penetrated include the Killik Tongue of the Chandler For­
mation from 36 to 64 m and the Grandstand Formation 
from 64 to 226 m. No samples were studied from the 
part considered to be Killik. 

This section consists of alternating sandstone, shale 
and siltstone. Shales appear to dominate. 
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Figure 61. Composite relative-frequency diagram of main palynomorph groups, environmental data, and 
spontaneous-potential log from Umiat-11 well, Umiat delta area, North Slope. 

General palynology .-Dinoflagellate relative fre­
quencies fluctuate widely throughout the Grandstand For­
mation (3 to 49 percent). Gymnosperm pollen dominate 
through the lower part of the Grandstand but become sub­
ordinate to spores in the middle Grandstand. At the top 
of the Grandstand (67 m), gymnosperms again dominate. 
Spores are intermediate between dinoflagellates-acritarchs 
and gymnosperm pollen in the lower Grandstand, but they 
dominate through the middle Grandstand. In the upper 
Grandstand the spores decline and are finally dominated 
by both gymnosperm pollen and dinoflagellates-acritarchs. 
Angiosperm pollen are present in many samples, but they 
are rare. 

Trends .-Dinoflagellate relative abundances fluc­
tuate widely throughout the Grandstand. Generally, per-

centages are low, but some high percentages occur as 
short-lived peak abundances. It is difficult to say whether 
dinoflagellates and acritarchs generally increase or de­
crease up through the section because of the wide fluctua­
tions and the relatively short section. Spores generally ap­
pear to increase up through the section into the upper 
Grandstand, but they then decrease through about four 
samples. Gymnosperm pollen decrease generally through 
the lower Grandstand, but then appear to increase to the 
position of the upper sample. Angiosperms are too rare 
to indicate any trends. 

Coals.-Carbonaceous partings generally occur 
throughout the Grandstand Formation. Sparce coal was 
reported in the upper Grandstand-Chandler interval. 

Paleoenvironmental interpretations .-Marine <lino-
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Figure 62. Composite relative-frequency diagram of main palynomorph groups, environmental data, and spon­
taneous-potential log from Grandstand-1 well, Umiat delta area, North Slope. 

flagellates occur throughout the Grandstand Formation, in­
dicating relatively continuous marine influence. Several 
samples have rather low percentages (less than 6 percent), 
but several peaks of more than 30 percent exist, indicating 
that marine conditions fluctuated to a large degree. This 
fluctuation is substantiated by some coal and carbonaceous 
partings in the well. 

Gymnosperm pollen dominate in the lower Grand­
stand, which suggests better drained conditions than dur-
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ing middle Grandstand time when spores dominated. The 
general increase in spores in the middle to upper part of 
the Grandstand suggests a relatively continuous increase 
in wet conditions in adjacent deltaic areas. In the upper 
Grandstand Formation, spores decrease in numbers, 
suggesting that the wetter conditions subsided. That better 
drained conditions developed is suggested somewhat by 
the dominance of gymnosperm pollen in the uppermost 
sample of the Grandstand. 



Uranium Potential of the Cretaceous Nanushuk 
Group, North Slope, Alaska 

By A. Curtis Huffman, Jr. 

INTRODUCTION 

The deltaic Nanushuk Group of Cretaceous age was 
evaluated as a uranium host rock at the same time that 
it was being evaluated as a hydrocarbon reservoir. Al­
though no uranium occurrence has ever been reported in 
the Nanushuk, host-rock environments potentially favora­
ble for sandstone-type deposits have been described by 
many investigators (for example, Chapman and Sable, 
1960; Detterman and others, 1963; Chapman and others, 
1964; Patton and Tailleur, 1964; Brosge and Whittington, 
1966; Roehler and Stricker, 1979). 

Exposures of the Nanushuk Group were examined 
and described in detail at 32 localities (fig. 1; Huffman 
and others, 1981a, b) from Corwin Bluffs on the west 
coast to the Sagavanirktok River in the central North 
Slope (Ahlbrandt and others, 1979). Many more outcrops 
were visited during the course of this study but were de­
scribed and sampled in less detail. Radioactivity measure­
ments were made at each station and used for relative 
comparisons only; no attempt was made to convert values 
to absolute uranium content. However, approximately 700 
samples of Nanushuk Group and related rocks were 
analyzed for uranium using the delayed-neutron counting 
method. A summary of these analyses is given in table 
7. 

SANDSTONE-TYPE URANIUM DEPOSITS 

Sandstone-type uranium deposits can be loosely di­
vided into peneconcordant deposits and vein deposits 
(Finch, 1967). The peneconcordant types are closely re­
lated to lithology and depositional environment, whereas 
vein deposits are controlled by structure and tectonics and 
occur in a wide variety of lithologies. Because the types 
of structures associated with vein deposits (high-angle 
fractures, collapse structures, and so forth) are very rare 
or absent in the Nanushuk Group, and because these types 
of deposits are not dependent on lithology, this discussion 
is concerned primarily with the favorability of the 
Nanushuk as a host for peneconcordant deposits. 

Finch ( 1967) stated that most peneconcordant de­
posits "are in lenticular sandstone beds that accumulated 

from fresh-water streams," and that "some uranium de­
posits are in sandstone beds deposited on deltaic coastal 
plains bordering shallow or deep seas." Fischer (1974) 
added that "Sedimentation on a low-lying terrane with a 
high water table, yielding nonoxidizing conditions of 
water-saturated beds, is indicated by the preservation of 
coalified fossil plants, which are present in almost all host 
beds." In addition to these two general characteristics, 
such criteria as attitude of the bedding, sandstone­
mudstone ratio, percentage of stream deposits, and color 
have been frequently used to determine the favorability 
of a rock unit as a potential host for uranium deposits. 

The possibility of suitable host rocks actually con­
taining uranium deposits depends largely on an accessible 
source of the uranium. This source could either be within 
or adjacent to the host rocks, or connected to the host 
rocks by an aquifer. Sources within the host originate, 
together with the sediment itself, from uranium-rich rocks 
such as tuff, granite, black shale, phosphatic rocks, or 
from pre-existing uranium deposits. Adjacent sources and 
those connected to the host rock by aquifers include over­
lying or underlying units and the sediment source terrain 
itself. Fluids from intrusive bodies are another possible 
source (Page, 1960). 

This assessment of the uranium potential of the 
Nanushuk Group is based on an evaluation of its suitabil­
ity as a host rock, and includes factors such as . deposi­
tional environments, hydrologic characteristics, texture, 
the presence of reductants, and the presence of possible 
uranium sources. 

SUITABILITY OF THE NANUSHUK GROUP 
AS A HOST ROCK 

The Nanushuk Group contains more than 1,500 m 
of nonmarine and fluvial sediments deposited on a low­
lying deltaic plain, as has been documented elsewhere in 
this volume and in previous work. The abundance of car­
bonized plant debris throughout the Nanushuk has also 
been documented by many workers, most notably by 
Smiley (1966, 1969a, b). Because of the preservation of 
the fossil plant material, the general gray to greenish-gray 
color of a fresh surface, and the widespread occurrence 
of pyrite, it appears that the Nanushuk has never been 
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Table 7. Sedimentologic data and uranium content from the transitional and nonmarine parts of 

[NA, not applicable; uranium determination by delayed neutron activation; analyses by H. T. Millard, C. Mcfee, C. M. Ellis, C. A. 

Transitional 
Sample Measured and nonmarine 

No. section facies thick-
ness (m) 

33 Barabara syncline----------- 1, 295 
8 Pitmegea syncline----------- 451 

14 Tupikchak syncline---------- 814 
26 Tupikchak Mountain---------- 808 

18 Kokolik warp---------------- 1,551 
14 Folsom Point---------------- 540 
12 Lookout Ridge--------------- 214 
15 Carbon Creek anticline------ 432 

140 Average Corwin delta-------- NA 

60 Kurupa anticline------------ 1,516 
45 Tuktu Bluff----------------- 1,075 
30 Type Grandstand------------- 576 
20 Arc Mountain---------------- 226 
32 Marmot syncline------------- 792 

187 Average Umiat delta--------- NA 

strongly oxidized and contains abundant material to act 
as a reductant for uranium-bearing solutions. 

Table 7 lists values of several sedimentologic fac­
tors for 13 measured sections in the transitional and non­
marine parts of the N anushuk Group. The most obvious 
conclusion to be drawn from this compilation is that the 
Corwin delta of the western North Slope (Ahlbrandt and 
others, 1979) was a muddy system containing a low per­
centage of sandstone, and of fluvial-channel sandstone in 
particular. The Umiat delta of the central North Slope 
(Huffman and others, this volume) contains more sand­
stone but little fluvial-channel sandstone. Low sandstone 
content, and especially the lack of long, continuous, and 
coalesced fluvial-channel sandstone bodies, is thought to 
be unfavorable for uranium mineralization in that the lack 
of such deposits impedes migration of the mineralizing 
fluids that form uranium deposits of minable size. 

Along the southern margin of the North Slope the 
Nanushuk Group is folded into large open folds having 
limbs that dip as steeply as 70°. The folds die out to 
the north, however, and beneath the coastal plain dips 
range from 1 to 5°. Dips less than 5° are thought to be 
favorable for the development of peneconcordant sand­
stone-type uranium deposits, whereas intense deformation 
is generally considered unfavorable. 

Based on these criteria, the Nanushuk Group of the 
western North Slope would be unsuitable as a potential 
host rock for uranium deposits, and would be only slightly 
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Fluvial channel Sandstone--
Sandstone sandstone muds tone 
(percent) (percent) ratio 

14.7 6.1 0.17 2 
3.2 1.5 .033 
7.6 6.4 .083 

13.0 8 .1 .151 

5.9 3.4 .063 
10.9 2.5 .123 
4.2 2.4 .045 
3.5 .8 .036 
7.9 3.9 .088 

21.8 6.7 .279 
11.9 5.4 .135 
29. 7 3.1 .424 
5 2. 7 25.4 1.120 
25. 2 21.5 .337 
28.6 12.4 .459 

more suitable in the central region because of the in­
creased sandstone and fluvial-channel sandstone content, 
particularly in the upper part. The nonmarine deposits 
along Sabbath Creek in the eastern North Slope (fig. 26) 
(correlated with the Nanushuk by Detterman and others, 
1975) are also considered marginally suitable because of 
the presence of fluvial-channel sandstones and organic de­
bris. 

POSSIBLE URANIUM SOURCES 

The N anushuk Group is composed of sediments de­
rived primarily from preexisting sedimentary rocks with 
a variable contribution from mafic to ultramafic rocks, 
metamorphic rocks, and volcanic detritus (Huffman, 1979; 
Mull, 1979; Bartsch-Winkler, 1979, and this volume). 
None of the sedimentary source rocks are known to con­
tain uranium and none were found to be anomalously 
radioactive during this study. The mafic and ultramafic 
rocks in the source terrain are low in uranium (0.13-0.65 
ppm) and fall in the gabbroic to ultramafic range 
documented by Z. E. Peterman (unpub. data, 1963) and 
Rogers and Adams (1969). 

Anomalous radioactivity has been reported from 
phyllitic carbonaceous shales that contain sulfide deposits 
in the southwestern Brooks Range (Curtis and others, 
1979), but it is doubtful that these distant rocks con-



selected measured sections in the Nanushuk Group of the western and central North Slope, Alaska 

Bliss, M. F. Coughlin, R. B. Vaughn, M. N. Schneider, and W. R. Stang, U. S. Geological Survey. Locations of sections shown on figure 1] 

Average Alternations Average No. samples 
sandstone of sandstone Average High uranium + greater than average 
thickness to mudstone uranium uranium 2 standard uranium + 2 standard 

(m) per 3.05 m ( 10 ft) (ppm) (ppm) 

1.86 o. 24 1.58 3.17 
2.08 .04 1.18 1.6 2 
3.69 .06 1. 12 1.56 
4.05 .10 1.45 1.99 

1.86 .10 1. 20 2.14 
4.54 .07 1.41 2.59 
2. 29 .05 1.14 2. 23 
1.68 .06 2.21 2.8 2 
2.76 .09 1. 41 3.17 

2.80 • 24 1.58 4.19 
5.58 .06 1. 91 2.89 
6 .13 • 15 1.73 3.59 
7.43 .21 1.81 2.94 
4.63 .17 1.73 2. 76 
5.31 .17 1.75 4.19 

tributed significant amounts of sediment to the Nanushuk 
Group, and they are not connected to the Nanushuk by 
an aquifer. 

The uppermost N anushuk contains thin bentonitic 
beds as does the overlying Colville Group of Late Creta­
ceous age (Chapman and Sable, 1960; Smiley, 1969b; 
Detterman and others, 1963). The bentonites of the upper 
part of the Nanushuk in the western North Slope are as­
sociated with a thick shale section, so it is problematical 
whether any uranium released from these source beds 
could find its way to the host sandstones in sufficient 
quantities to form economic deposits. In the central North 
Slope, the upper part of the Nanushuk is more favorable, 
as it contains both bentonite and suitable host rocks and 
is overlain by the bentonite-rich Seabee Formation of the 
Colville Group. The source of the bentonites is not 
known, but possible sources include the granitic centers 
of east and west-central Alaska, some of which contain 
anomalous concentrations of uranium (Miller, 1970; Mil­
ler and Johnson, 1978). 

The nonmarine deposits along Sabbath Creek in the 
eastern North Slope (fig. 26) do not contain bentonite 
beds but are close to the Romanzof Mountains, which 
are composed of granitic plutons reported to contain as 
much as 80 ppm uranium (Brosge and Reiser, 1976). The 
same authors also reported 20 to 30 ppm uranium in the 
Jurassic Kingak Shale and 30 to 80 ppm in phosphatic 
beds of the Triassic Shublik Formation in the same area. 

deviations deviations 
(ppm) 

2.4 2 3 
1.30 2 
1.43 2 
1.63 6 

1.92 1 
2.11 2 
1. 7 2 2 
2. 7 2 1 
1. 91 None 

3.60 2 
2. 74 3 
2.78 1 
2.89 1 
2.38 4 
2.88 None 

SUMMARY 

The N anushuk Group of the central and eastern 
North Slope contains marginally suitable host rocks for 
peneconcordant sandstone-type uranium deposits. Host 
rocks that were deposited in favorable environments are 
present in the nonmarine and transitional parts of the 
Nanushuk Group throughout the North Slope, but the gen­
erally low sandstone content and the limited extent of 
sandstone bodies that do exist severely limit its overall 
favorability, particularly in the west. 

Potential sources of uranium are present in the ben­
tonitic clays of the uppermost Nanushuk and in the ben­
tonitic and tuffaceous beds of the overlying Colville 
Group. Because of the high mudstone content of the upper 
part of the Nanushuk in the west, it is problematical 
whether any uranium released from these source beds 
could accumulate in the host sandstones in sufficient 
quantities to form economic deposits. Suitable host rocks 
exist in the upper part of the N anushuk Group in close 
proximity to the tuffaceous sediments in the central North 
Slope, but no evidence of mineralization was found during 
this study. 

The easternmost North Slope appears to have some­
what more potential for economic uranium deposits, based 
primarily on the presence of possible sources of uranium 
in the source terrain of the host rocks. This area is cur­
rently being evaluated. 
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